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Species! Strain!identifier! Isolation!site! Reference!
S.,epidermidis, Rp62a! Intravascular!catheter! (Christensen!et,al.,!1982;!1985)!
S.,epidermidis, Tü3298! Unspecified! (Allgaier!et,al.,!1986)!
S.,epidermidis, NCTC!1457! Intravenous!catheter! (Mack!et,al.,!1992)!
S.,epidermidis, A19! Skin!(forearm)!! (Kelly,!2013)!
S.,epidermidis, B19! Skin!(forearm)!! (Kelly,!2013)!
S.,epidermidis, O16! Skin!(forearm)!! (Kelly,!2013)!
S.,aureus, Newman! Osteomyelitis! (Duthie!and!Lorenz,!1952)!
S.,aureus, SH1000! Lab!strain!(8325!derivative)! (Horsburgh!et,al.,!2002)!
S.,aureus, MSSA476! Osteomyelitis! (Holden!et,al.,!2004)!
S.,aureus, MRSA252! Fatal!bacteraemia! (Holden!et,al.,!2004)!
S.,aureus, BL169! Nasal! (Libberton,!2011)!





! 1! 2! 3! 4! 5! 6! 7! 8! 9! 10! 11! 12!
A! 25! 12.5! 6.25! 3.13! 1.56! 0.78! 0.39! 0.2! 0.1! 0.05! 0.02! 0.01!
B! 21.7! 10.84! 5.42! 2.71! 1.36! 0.68! 0.34! 0.17! 0.09! 0.04! 0.02! 0.01!
C! 18.3! 9.16! 4.58! 2.29! 1.15! 0.57! 0.29! 0.14! 0.07! 0.04! 0.02! D!















































































4.3! D! MHB! ATCC!29213! (Fischer!et,al.,!2012)!DDsphingosine! 7.8! D! TB! RN4220! (Parsons!et,al.,!2012)!Phytosphingosine! 24.6*! D! MHB! ATCC!29213! (Fischer!et,al.,!2012)!Dihydrosphingosine! 15.6!*! D! MHB! ATCC!29213! (Fischer!et,al.,!2012)!1248.1*! D! MHB! ATCC!29213! (Fischer!et,al.,!2012)!99.8! D! CL! SH1000!&!Newman! (Clarke!et,al.,!2007)!
Lauric!acid!(12:0)!
250! D! TB! RN4220! (Parsons!et,al.,!2012)!245.7*! D! MHB! ATCC!29213! (Fischer!et,al.,!2012)!196.5! D! CTDTSB! SH1000!&!Newman! (Clarke!et,al.,!2007)!39.3! D! CTDTSB! SH1000!&!Newman! (Clarke!et,al.,!2007)!
Sapienic!acid!(16:1∆6)!




























Linoleic!acid!(mM)! Sapienic!acid!(µM)! DMsphingosine!(µM)!Species! Strain!
MIC! MBC! MIC! MBC! MIC! MBC!Tu3298! 37! 37! 144! 171! 38! 38!NCTC!1457! 37! 43! 197! 394! 8! 8!Rp62a! 25! 25! 98! 144! 38! 38!A19! 25! 50! 144! 171! 38! 38!B19! 5! 37! 144! 197! 8! 8!
S.,epidermidis,
O16! 5! 15! 98! 144! 8! 8!Newman! 5! 11! 59! 98! 8! 38!SH1000! 5! 37! 144! >394! 8! 8!MRSA!252! 0.6! 5! 98! 197! 38! 38!MSSA!476! 0.6! 0.6! 72! 197! 38! 38!BL137! 5! 5! 72! 72! 38! 38!
S.,aureus,










































































































































































































































































































































































































C1! 2.1! 2.5! 1200! 7! 8.6!C2! 2.1! 2.5! 1036! 11! 8.1!C3! 2.1! 2.4! 1200! 11! 8.1!S1! 2.1! 2.0! 1200! 7! 9.4!S2! 2.1! 2.1! 554! 11! 7.5!
S.,epidermidis,
S3! 2.1! 2.3! 945! 11! 9.4!C1! 2.2! 1.9! 1100! 11! 9.2!C2! 2.1! 2.4! 1000! 11! 9.5!C3! 2.2! 2.4! 1200! 11! 9.5!S1! 2.2! 2.4! 580! 13! 7.8!S2! 2.2! 2.0! 450! 13! 9.0!
S.,aureus,






















































































D! M! N! O! T! U! V! B! J! K! L! C! E! F! G! H! I! P! Q! R! S!
Cellular!processes!and!signalling! Information!storage!&!processing! Metabolism! x!





















NWMN_1333, +1.2! X! 2.7.1.69!
pfkA,, D! +0.6! 2.7.1.11!
fbaA, D! +0.5!
fdaB, D! +1.8! 4.1.2.13!
tpiA, +1.3! +2.4! 5.3.1.1!
gapAW1,, +0.9! +2.3!
gapAW2, D! +1.5! 1.2.1.12!
pgk, +1.2! +2.4! 2.7.2.3!
pgm, +1.2! +2.3! 5.4.2.12!
gpmA, +2.0! +1.2!
SETU_00031,NWMN_0367, D! D2.6! 5.4.2.11!
eno, +0.8! +1.9! 4.2.1.11!
pyk, ! +1.2! 2.7.1.40!
SETU_01522,NWMN_1947, D! +0.7! 2.7.1.4!
nagA, +0.7! +0.5! 3.5.1.25!
nagB,NWMN_0532, D! +1.1! 3.5.99.6!
pgi, +0.8! +0.9! 5.3.1.9!
NWMN_2224, +0.8! D! GlvBC!
lacF, +2.3! +0.8! LacF!
mtlA, +2.4! X!
mtlF, +0.8! D! MtlA!
NWMN_0180, +2.6! X! GatA!








Sugar!uptake!and!glycolysis! ! ! !
glcA, D2.5! D!
ptsG, D2.4! X! Gamp!






poxB,SETU_01970, +1.6! +2.0! 1.2.3.3!
ackA, D! D0.4! 2.7.2.1!






ald,, D! +1.1! 1.4.1.1!
pycA/pyc, +1.1! +0.7! 6.4.1.1!
pdhA, D! +0.8!
pdhB, D! +0.9! 1.2.4.1!
pdhC, D! +0.9!
SETU_02150, X! +0.5! 2.3.1.12!
pdhD, D! +1.0!
lpdA, D0.7! D! 1.8.1.4!
pflB, D2.9! +1.4! 2.3.1.54!




Gene! Fold!change!S.,aureus! Fold!change!S.,epidermidis! Enzyme!name!
Pyruvate!metabolism! ! ! !
sucA, D! +1.0! 1.2.4.2!






aldB, D0.8! D! 4.1.1.5!
SETU_01888, X! +1.3! 1.1.1.303/!1.1.1.4!
NWMN_0071,SETU_02090, +3.7! +0.7!
SETU_02208, X! +4.3! 1.1.1.304/!1.1.1.76!
NADH!recycling!
Ldh, D! +1.7!
Ldh1, D2.5! D! 1.1.1.27!
SETU_02044, X! +1.6! 1.8.1.7!
citC, +1.9! D! 1.1.1.42!
gnd, D! +0.7! 1.1.1.44!
Zwf, +1.1! +0.5! 1.1.1.49!






Gene! Fold!change!S.,aureus! Fold!change!S.,epidermidis! Enzyme!name!
murF, D! D1.1! 6.3.2.10!
murE, D! D1.8! 6.3.2.7!
femA, D! D1.0! 2.3.2.17!
femX, D! +0.6! 2.3.2.16!
SETU_01292, D! D1.2! SgtA!
NWMN_1766,SETU_01431, +2.2! D1.0! SgtB!
pbp1, D! D0.8! PbpA!
pbp3, D! D1.1! Pbp3!
murZ, +0.9! D! D!








Gene! Fold!change!S.,aureus! Fold!change!S.,epidermidis! Enzyme!name!





arcA1/arcC, D1.0! +0.8! 2.7.2.2!
gluD, D! +0.4! 1.4.1.2!
narG, D! +1.4! NarG!
narH, D! +1.8! NarH!
narJ, D! +1.6! NarJ!
NirB, D! +1.1! NirB!
NirD, D! +1.0! NirD!
Setu_01471,NWMN_1852, D1.1! D2.0! 1.14.13.39!
argG, D! D1.0! 6.3.4.5!












hisG, D! +1.7! 2.4.2.17!
hisIE, +1.7! +0.9! 3.6.1.31/!3.5.4.19!
hisA, +2.3! +1.0! 5.3.1.16!
hisF, +1.9! +0.9! HisF!
hisH, +2.2! +1.5! HisH!
hisB, +2.3! +1.7! 4.2.1.19!
hisC, +1.8! D! 2.6.1.9!
hisD, +2.1! +1.4! 1.1.1.23!
hutU, +1.5! X! 4.2.1.49!
hutG, +1.8! +1.1! 3.5.3.8!
thrA, +4.0! D!









Amino!acid!biosynthesis! ! ! !
asd, +3.5! +1.3! 1.2.1.11!
dapA, +3.6! +1.9! 4.3.3.7!
dapB, +3.6! +2.4! 1.17.1.8!
NWMN_0919,SETU_00643, +0.7! D0.4! 2.6.1.D!
dapD, +3.2! +2.4! 2.3.1.89/!23.1.1.17!
NWMN_1929,SETU_02190, +3.2! +1.0! 3.5.1.18!
lysA, +1.4! +0.7! 4.1.1.20!
metL/,hom, +4.4! D! 1.1.1.3!
ilvA, +3.5! +2.4! 4.3.1.19!
leuB, +3.4! +3.3! 1.1.1.85!
leuC, +3.6! D!





ilvC, +3.5! +3.2! 1.1.1.86!
ilvD, +2.7! +2.6! 4.2.1.9!
ilvE, +0.8! +0.5! 2.6.1.42!
leuA, +3.7! +3.3! 2.3.3.13!
NWMN_0351,SETU_00018, +2.1! +1.3! CGS!
NWMN_0350,SETU_00017, +2.8! +1.5! CBL!
metE, +2.0! +1.3! MET!











Amino!acid!biosynthesis! ! ! !
alrW2,SETU_00973, 2.3! +1.1! 5.1.1.1!
NWMN_2454, +1.0! D! 1.2.1.88!
gltB, +1.6! D!
gltD, D! +1.2! 1.4.1.13/!1.4.1.14!
cysK, D! +1.4! 2.5.1.47!
Aspartate!degradation!
purA, D1.6! D0.5! 6.3.4.4!
purB, D1.2! D0.5! 4.3.2.2!
argG, D! D1.0! 6.3.4.5!








eno, +0.8! +1.9! Enolase!
pnp, +1.6! D0.6!
pnpA, D1.1! D! PNPase!
NWMN_0749,SETU_00406, D0.7! +1.1! RNaseR!
recQ, D! D0.6!
recQW2, D! D0.7! Helicase!
rho, D0.7! D0.6! Rho!
NWMN_0956, D0.8! D! RNaseJ!
dnaK, +2.8! +2.2! DnaK!
groEL, +3.5! +1.3! GroEL!
SETU_00874, D! +1.1! Hfq!



















NWMN_0620, +1.3! X! 2.7.1.29!
gldA, X! +1.8! 1.1.1.6!
Glycerolipid!biosynthesis!
plsX, D1.1! D1.7!
NWMN_1266,Serp0924, D1.6! D1.9! 2.3.1.15!
plsC, D2.0! X! 2.3.1.51!
murG,ypfP,, D! D1.5! 2.4.1.157!
Fatty!acid!degradation!















Gene! Fold!change!S.,aureus! Fold!change!S.,epidermidis! Enzyme!name!
Glycerophospholipid!metabolism!
gpsA, D1.0! D0.6! 1.1.1.94!
plsX, D1.1! D1.7!
NWMN_1266,SETU_00930, D1.6! D1.9! 2.3.1.15!
plsC, D2.0! X! 2.3.1.51!
cdsA, D2.3! D1.2! 2.7.7.41!







CrtM, +2.0! X! CrtM!
CrtN, +2.3! X! CrtN!
CrtI, +1.7! X! CrtP!
NWMN_2463, +1.9! X! CrtQ!
mvk, D! D0.8! 2.7.1.36!
SETU_00217, D! D0.6! 2.7.4.2!
mvaD, D! D0.5! 4.1.1.33!
Idi/fniW2, D1.2! D0.6! 5.3.3.2!
NWMN_1230, +1.1! D!
cls/clsW2, D1.1! D0.5! Cls!
ispA, D1.7! D! 2.5.1.1/!2.5.1.29!
hepT,,,,,,,SETU_01049, D1.0! D0.4! 2.5.1.30!
uppS, D1.8! D2.2! 2.5.1.31!









mutS/hexA, D! D0.5! MutS!
xseA, ! D1.3! ExoVII!
recJ, D1.7! D1.1! RecJ!
pcrA, D0.8! D! UVRD!
NWMN_0358, D1.4! X!







Lig/ligA, D0.8! +0.6! Lig!
NWMN_1520,SETU_01187, D0.9! D1.7! RecD!
ruvA, D1.1! D! RuvA!
ruvB, D1.3! D! RuvB!
SETU_01223, D! D0.7! Tag!
ung, D1.4! D1.1! Ung!
NWMN_1760,mutY, D! D0.8! MutY!


















fmtC, D1.0! D0.7! MprF!
aur/sepA, D! D1.0! Aur!
spa, D1.0! X!
scn, D1.3! X! SpA!
clfB, D1.6! X! ClfB!
isdA, D2.3! X! IsdA!











vraD, D! D0.6! VraF!
vraG, D! +1.3! VraG!
hlgA, +2.0! X! Hlg/luc!
clfA, +1.7! X! ClfA!
set7nm, +1.3! X! SSL7!
sdrC, +2.9! X!
sdrD, +1.0! X!




























































Upregulated! ! ! !   
fdaB, NWMN_2503, fda,
FructoseDbisphosphate!aldolase! 3.53! 2.35! 2.02!
gpmA, gpmA, gpmA, Phosphoglycerate!mutase! 2.3! 4.06! 2.06!
SETU_00193, NWMN_0533, SAR0574, HexuloseD6P!synthase! 2.23! 1.8! 2.36!
SETU_00242, NWMN_0587, SAR0624, Esterase/lipase! 5.13! 6.87! 6.49!
SETU_00243, sarA, sarA, Accessory!regulator!A! 3.2! 3.97! 2.14!
SETU_00102, NWMN_0460, yabJ,
Translation!initiation!inhibitor,!N:!deiminase!activity! 4.79! 2.23! 3.65!
SETU_00324, NWMN_0673, SAR0757, Glucosyl!transferase! 9.06! 4.29! 3.49!
SETU_00394, NWMN_0737, SAR0825,
Cell!division!inhibitor!homologue! 9.32! 2.55! 5.06!
SETU_00401, pgm, pgm,
2,!3Ddiphosphoglycerate!independent!phosphoglycerate!mutase! 4.96! 2.35! 2.64!
SETU_00343, NWMN_0690, SAR0775,
Osmoprotectant!ABC!transporter! 2.13! 3.43! 2.13!
SETU_00344, NWMN_0691, SAR0776,
Osmoprotectant!ABC!transporter,!permease! 2.48! 3.2! 2.99!
SETU_02108, NWMN_2548, SAR2728,
SecA!preprotein!translocase!homologue! 1.39! 3.23! 3.85!
SETU_02148, NWMN_2089, opuD2, Osmoprotectant!transporter! 1.38! 8.17! 4.42!
SETU_02209, NWMN_0048, SAR0109, Putative!transporter! 1.88! 7.78! 2.37!
SETU_00446, NWMN_0771, SAR0859, General!stress!protein! 7.78! 12.82! 3.82!
SETU_00468, NWMN_0791, SAR0882,













Streptococcal!McrA!homologue! 5.39!5.74! 7.36! 5.96!
SETU_00907, thrB, thrB, Homoserine!kinase! 7.21! 16.8! 2.20!
SETU_00911, katA, KatA, Catalase! 5.82! 5.98! 5.71!
SETU_01152, dnaJ, dnaJ, Molecular!chaperone! 1.87! 4.11! 2.30!
SETU_00522, NWMN_0845, clpB, Molecular!chaperone! 25.99! 47.18! 2.49!
SETU_02130, hisIE, HisIE,
Histidine!biosynthesis!protein! 1.85! 3.16! 2.09!
spoVG, spoVG, spoVG,
Stage!V!sporulation!protein!G!homologue! 4.96! 2.57! 2.83!
SETU_01602, NWMN_2026, sar2210, Aldehyde!dehydrogenase! 3.2! 5.54! 5.48!
SETU_01786, NWMN_2229, SAR2413,
Oxidoreductase,!short!chain!dehydrogenase! 18.38!! 15.03! 4.63!
SETU_01902, NWMN_2369, SAR2559, Glucose!1Ddehydrogenase! 18.38! 9.38! 6.85!
SETU_00323, NWMN_0672, SAR0756, Aldo/keto!reductase! 8.28! 4.17! 2.96!
SETU_01788, hutG, hutG, formiminoglutamase! 2.17! 3.39! 2.83!
SETU_01905, NWMN_1929, dapE,
succinylDdiaminopimelate!desuccinylase! 2.58! 9.19! 4.89!
tpiA, tpi, tpiA, Triosephosphate!isomerase! 5.35! 2.41! 2.22!
trap, NWMN_2507, SAR2688, Signal!transduction!protein! 1.64! 4.03! 7.55!
prmA, NWMN_1481, SAR1655, Methyltransferase! 1.96! 3.94! 2.25!
SETU_00029, NWMN_0366, SAR0392,
Hypothetical!membrane!transglycosylase! 4.59! 3.86! 2.54!
SETU_00194, NWMN_0534, SAR0575,
6DphosphoD3Dhexuloisomerase! 3.07! 1.95! 2.16!
SETU_00452, NWMN_0778, SAR0867,
TOPRIM!domainDcontaining!protein! 2.77! 3.20! 2.54!
SETU_01270, NWMN_1601, SAR1785,








SETU_01432, NWMN_1767, SAR1965, ThiJ/Pfpl!family!protein!! 5.94! 3.97! 2.25!
SETU_02097, NWMN_2545, sasF, Surface!anchored!protein! 2.14! 16.00! 16.80!
SETU_01785, NWMN_2558, SAR2740,
Putative!riboflavin!reductase! 6.19! 3.18! 2.05!
SETU_01623, NWMN_2048, SAR2232, Oxidoreductase/epimerase!! 3.51! 18.77! 8.26!
SETU_00389, NWMN_0734, SAR0821,
Hypothetical!membrane!protein!! 1.32! 4.56! 3.19!
SETU_00300, NWMN_0649, SAR0733, Decarboxylase! 8.40! 1.83! 3.04!
SETU_00301, NWMN_0650, SAR0734, Hypothetical!protein! 7.46! 1.78! 2.23!
SETU_00435, NWMN_0762, SAR0849, Hypothetical!protein! 2.01! 5.50! 2.81!
SETU_00436, NWMN_0763, SAR0850, Hypothetical!protein! 2.31! 4.23! 2.94!
SETU_00443, NWMN_0767, SAR0855, Hypothetical!protein! 1.80! 5.50! 2.53!
SETU_02103, NWMN_2557, SAR2739, Hypothetical!protein! 2.51! 4.17! 4.21!
SETU_01659, NWMN_2087, SAR2274,
Hypothetical!membrane!protein! 4.08! 8.00! 4.59!
SETU_01296, NWMN_1631, SAR1816,
Hypothetical!membrane!protein! 2.06! 2.66! 2.82!
SETU_00041, NWMN_0377, SAR0405, Hypothetical!protein! 7.89! 5.28! 2.76!
SETU_01439, NWMN_1820, SAR1972,
Hypothetical!exported!protein! 2.01! 2.04! 5.71!
SETU_00677, NWMN_0948, SAR1055, Hypothetical!protein! 2.58!! 2.25! 4.50!
Downregulated! ! ! ! !
galU, gtaB, gtaB,
UTPDglucoseD1Dphosphate!uridyltransferase! 1.53! 2.91! 2.63!
gmk, gmk, gmk, Guanylate!kinase! 3.14! 2.16! 2.78!
ndk, ndk, ndk,
Nucleoside!diphosphate!kinase! 4.26! 3.63! 2.38!
relA, relA, relA, GTP!pyrophosphokinase! 1.82! 1.65! 2.27!








SETU_00261, tagA, tagA, Teichoic!acid!biosynthesis! 1.75! 2.06! 2.78!
SETU_00263, tagG, tagG,
Teichoic!acid!tranlocation!permease! 3.51! 1.75! 2.38!
SETU_00268, NWMN_0614, SAR0655, Pyrimidine!transporter! 2.33! 3.43! 2.17!
SETU_02365, NWMN_2412, SAR2594, ABC!transporter! 4.17! 8.46! 2.38!
SETU_01802, NWMN_2248, SAR2432, Divalent!cation!transporter! 2.3! 1.72! 2.44!
SETU_00139, nupC, nupC, Pyrimidine!transporter! 1.61! 8.75! 2.94!
SETU_00333, pabA, SAR0766,
Anthranilate!synthase/glutamine!amidotransferase! 2.93! 6.02! 2.04!
SETU_00713, cyoD, ctaB, Cytochrome!caa3!oxidase! 1.72! 5.46! 2.04!
SETU_01049, hepT, gerCC,
Heptaprenyl!diphosphate!synthase!component!II! 1.30! 1.99! 2.78!
SETU_01842, NWMN_2286, sarZ, Virulence!regulator! 1.92! 2.16! 2.22!
SETU_01880, lytS, lytS,
TwoDcomponent!sensor!histidine!kinase! 3.71! 2.00! 3.33!
SETU_01881, lytR, lytR,
TwoDcomponent!response!regulator! 1.74! 2.53! 3.57!
SETU_01554, rsbU, rsbU, SigmaB!regulatory!protein! 2.97! 1.62! 2.56!
SETU_01998, pyrD, SAR2669,
Dihydroorotate!dehydrogenase! 2.20! 2.06! 2.86!
ubiE, gerCB, menH, Menaquinone!biosynthesis!! 1.36! 1.68! 2.27!
ydjM, NWMN_2073, SAR2263,
Hypothetical!membrane!protein! 2.81! 1.89! 2.17!
yutE, NWMN_0799, SAR0890, Hypothetical!protein! 1.40! 1.73! 2.56!
SETU_01555, NWMN_1974, SAR2156, PemK!family!protein! 2.04! 1.59! 3.03!
SETU_01077, NWMN_1411, SAR1581, AtsA/ElaC!family!protein! 2.31! 3.43! 2.86!
SETU_01123, NWMN_1453, SAR1627,
5Dformyltetrahydrofolate!cycloDligase!family!protein! 1.78! 2.87! 2.78!
SETU_01195, NWMN_1530, SAR1708, ThiF!family!protein! 1.56! 2.81! 2.04!
SETU_01305, NWMN_1642, SAR1834,







SETU_00372, NWMN_0718, SAR0803! DegV!family!protein! 2.39! 3.23! 3.23!
SETU_00570, NWMN_0882, SAR0979! Permease! 2.08! 3.36! 2.50!
SETU_00280, NWMN_0632, SAR0673! Phosphate!transport!regulator! 3.92! 3.71! 2.70!
dltX, NWMN_0802, SAR0893! DDAlaDteichoic!acid!biosynthesis!regulator! 6.63! 4.03! 2.13!
SETU_01373, NWMN_1739, SAR1938! Transcriptional!regulator! 11.00! 9.71! 2.38!









Gene!name! Primer!sequences! Efficiency!(%)! Reference!
rpoB, FD!GCGAACATGCAACGTCAAG!RD!GACCTCTGTGCTTAGCTGTAATAGC! 97.0! This!study!
hu, FD!TTTACGTGCAGCACGTTCAC!RD!AAAAAGAAGCTGGTTCAGCAGTAG! 90.3! (Duquenne!et,al.,!2010)!
gyrB,(Tü3298)! FD!AGAAAAGATGGGACGCCCTG!RD!CACCATGAAGACCGCCAGAT! 96.6! This!study!
gyrB,(Newman)! FD!ATCGACTTCAGAGAGAGGTTG!RD!CCGTTATCCGTTACTTTAATCCA! 92.9! (Kenny!et,al.,!2009)!
capB, FD!GCGATATGCGTAAGCCAACAC!RD!GGTACAGGGCCAGCTGTTAG! 91.5! This!study!
pyrP, FD!CGATGTTTGGCGCAACAGTA!RD!GCTGGTATTTGCGCCTTCG! 92.5! This!study!
clpB, FD!TGGTGCACCTCCAGGTTATG!RD!AGAATCCGTAAGACGACCTTCA! 99.0! This!study!
NWMN_2452, FD!ACGCCAGCTGTGTGGATTAT!RD!AACGACTGCGACCTTGATGT! 93.3! This!study!
sasF, FD!TCACTCTGCGATTGAAGGCA!RD!TTTCCGGTGCCGAATGATCT! 95.0! This!study!



























































































































































































































































































































260/230!SH1000! 130! 2.0! 2.3!SHDDs3A! 146! 2.0! 2.3!SHDDs3B! 46.2! 1.8! 1.9!S.,aureus,SH1000, SHDDs5C! 176! 1.9! 2.3!RpDDs23E! 37.7! 1.9! 2.1!RpDDs23C! 133! 1.9! 2.2!RpDDs21D! 37.8! 1.9! 2.1!RpDSap23D! 41.3! 1.8! 2.2!RpDSap21D! 59.6! 1.9! 1.9!RpDSap21C! 62! 2.0! 2.0!RpD0! 56.6! 2.0! 2.0!End! 55.6! 2.0! 1.8!
S.,epidermidis,Rp62a,























Eth!con! 2992974! 98.25! 69.85! 193.45!±26.59! 94.81!SH1000! 1998524! 99.08! 79.96! 145.7!±18.9! 94.61!SHDDs3A! 2046926! 99.14! 79.57! 148.43!±21.02! 94.62!SHDDs3B! 1841456! 99.05! 81.30! 135.67!±17.68! 94.59!
!!!!
S.,aureus,SH1000!
SHDDs5C! 2201392! 98.98! 78.61! 158.27!±19.11! 94.6!Eth!con! 1950152! 98.63! 78.74! 146.23!±17.24! 98.14!RpD0! 1827680! 98.48! 79.42! 138.3!±16.62! 98.16!RpDSap21C! 1702790! 98.38! 79.99! 129.15!±17.4! 98.1!RpDSap21D! 1370884! 97.98! 81.85! 106.04!±14.29! 98.13!RpDSap23D! 1999958! 98.89! 77.26! 157.5!±26.05! 91.15!RpDDs21D! 1853358! 98.84! 79.53! 139.82!±17.13! 98.15!RpDDs23C! 2023980! 99.28! 78.39! 150.24!±17.99! 98.15!RpDDs23E! 2110692! 99.23! 77.95! 155.61!±21.57! 98.17!
!!!!!!!!
S.,epidermidis,Rp62a!


























RpDSap21D! 1146571! G/A! Substitution!S/F! 74!aa!
SERP1544, Phage!lipoprotein! RpDSap21D! 1596978! G/A! Substitution!P/S! 52!aa!
SERP1061, Fur!transcriptional!regulator! RpDSap23D! 1106479! C/A! Substitution!D/Y! 49!aa!
SERP0499, IronDsulphur!cluster!scaffold!protein! RpDSap21D! 489097! +ATG!GCT! Insertion!+MA! 29!aa!
SERP2127, FeoA!family,!likely!Fe2+!transport! RpDSap21C! 2152015! G/A! Upstream!substitution! D42!bp!
SERP0057, Hypothetical!protein! RpDSapPool!RpDSap23D! 46171! A/G! Upstream!substitution! D102!bp!






















mqoW3, Malate:!quinone!oxidoreductase! RpDSapPool! 2351205! A/G! Substitution!D/G! 402!aa! 66.6!
SERP1061, Fur!transcriptional!regulator!

























mnhA, Monovalent!cation/H+!antiporter! RpDDs21D! 521021! G/T! Substitution!A/D! 635!aa!
SERP2264, SasF,!cell!wall!protein!homologue! RpDDs21D,!RpDDs23C!RpDDs23E!
2298704! C/G! Substitution!G/A! 482!aa!
yycG, TwoDcomponent!histidine!kinase! RpDDs21D! 2590283! T/C! Substitution!K/E! 264!aa!
SERP0245, RND!transporter! RpDDs23C,!RpDDs23E! 254343! G/T! Substitution!K/N! 658!aa!
SERP0247, TetDR!transcriptional!regulator! RpDDs23C,!RpDDs23E! 256697! T/A! Substitution!F/Y! 110!aa!
SERP0247, TetDR!transcriptional!regulator! RpDDs23C,!RpDDs23E! 256748! G/T! Substitution!R/L! 127!aa!
SERP1407, Hypothetical!protein! RpDDs23C,!RpDDs23E! 1472010! G/C! Substitution!A/G! 116!aa!
SERP2327, Acetoin!dehydrogenase! RpDDs23C! 2364609! G/C! Substitution!A/G! 137!aa!
yycG, TwoDcomponent!histidine!kinase! RpDDs23C,!RpDDs23E! 2590084! T/A! Substitution!D/V! 330!aa!
SERP0458, Ion!transporter! RpDDs23E,!RpDDs23C! 462389! DA! Frameshift! 260!aa!
SERP2017, Amino!acid!permease! RpDDs21D! 2035803! DA! Frameshift! 296!aa!
SERP0389, AcetaldehydeDCoA/alcohol!dehydrogenase! RpDDs21D! 392259! A/G! Upstream!substitution!! D41!bp!
SERP1757, Hypothetical!protein! RpDDs23C!RpDDs23E! 1794214! DG! Upstream!deletion! D118!bp!


















SERP2438, Cation!transporter! RpDDs21D! 2495588! T/A! Substitution!L/F! 299! 24.5!
aap, Accumulation!associated!protein!

























gltX, GlutamylDtRNA!synthatase! SHDDs3A,!SHDDs5C! 511636! C/T! Substitution!R/C! 151!aa!
SAOUHSC_
01130,
Hypothetical!membrane!protein! SHDDs3A! 1084556! A/G! Substitution!K/R! 247!aa!
SAOUHSC_
01337,
Transketalase! SHDDs3A! 1277240! A/G! Substitution!T/A! 193!aa!
SAOUHSC_
01895,
Hypothetical!protein! SHDDs3A,!SHDDs5C! 1807093! C/A! Substitution!A/S! 182!aa!
SAOUHSC_
02341,
ATP!synthase! SHDDs3A,!SHDDs5C! 2168000! G/C! Substitution!P/A! 426!aa!
agrA, accessory!gene!regulator! SHDDs3A! 2096582! A/T! Premature!Stop! 193!aa!
SAOUHSC_
02587,
Hypothetical!CAAX!protease! SHDDs3A,!SHDDs5C! 2379408! C/A! Substitution!W/C! 93!aa!
SAOUHSC_
02867,
TetR!transcriptional!regulator! SHDDs3A,!SHDDs5C! 2641724! G/A! Substitution!E/K! 151!aa!
SAOUHSC_
01450,
amino!acid!transporter! SHDDs3B! 1406715! T/C! Substitution!I/V! 418!aa!
SAOUHSC_
02867,
TetR!transcriptional!regulator! SHDDs3B! 2641391! G/T! Substitution!A/S! 40!aa!
SAOUHSC_
02867,
TetR!transcriptional!regulator! SHDDs3B,!SHDDs5C! 2641553! G/T! Substitution!D/Y! 94!aa!
ebh, Extracellular!matrix!binding!protein!homologue! SHDDs5C! 1397392! A/G! Substitution!L/S! 2436!aa!
fmhA, Methicillin!resistance!determinant! SHDDs5C! 2479727! G/A! Substitution!M/I! 174!aa!
SAOUHSC_
02866,
RND!transporter! SHDDs5C! 2640222! A/G! Substitution!V/A! 296!aa!
SAOUHSC_
01584,



















Transcriptional!regulator! SHDDs3B! 2449509! +A! Frameshift! 362!aa!!
SAOUHSC_
02555,
Pseudogene! SHDDs3A! 2349971! DA! Upstream!deletion! 80!aa!
SAOUHSC_
02555,









2134726! C/A! Upstream!substitution! D15!bp!
SAOUHSC_
01840,
Transglycosylase! SHDDs3A!!SHDDs5C! 1746115! C/A! upstream!substitution! D196!bp!
SAOUHSC_
01839,
TyrosylDtRNA!synthase! SHDDs3A!SHDDs5C! 1746115! C/A! upstream!substitution! D186!bp!
SAOUHSC_
02809,
gluconate!operon!repressor! SHDDs3B! 2588702! G/C! upstream!substitution! D63!bp!
SAOUHSC_
00446,
Hypothetical!protein! SHDDs3B! 448086! T/G! upstream!substitution! D86!bp!
SAOUHSC_
00325,








































Alcohol!dehydrogenase! SHDDs3A! 116769! G/T! A/S! 78! 53.6!
SAOUHSC_
00196,
Hypothetical!protein! SHDDs3A! 216521! C/A! D/Y! 401! 20.1!
SAOUHSC_
00323,
Hypothetical!protein! SHDDs3A! 336879! T/A! I/N! 78! 22.2!
SAOUHSC_
00936,
Hypothetical!protein! SHDDs3A! 908994! C/G! A/G! 186! 36.1!
SAOUHSC_
01342,
Hypothetical!protein! SHDDs3A! 1282568! C/A! A/D! 538! 53.6!
SAOUHSC_
01716,
Protease! SHDDs3A! 1621683! T/C! D/G! 213! 20!
SAOUHSC_
01407,
5DbromoD4Dchlorindolyl!phosphate!hydrolase! SHDDs3B! 1347090! T/G! V/G! 15! 61.3!
SAOUHSC_
01849,
Deacetylase! SHDDs3B! 1756243! C/A! Q/K! 389! 32.5!
SAOUHSC_
01918,
Hypothetical!protein!! SHDDs3B! 1826785! G/T! C/F! 40! 21.5!
SAOUHSC_
00217,
Sorbitol!dehydrogenase! SHDDs5C! 237713! C/A! D/E! 195! 33.9!
SAOUHSC_
01141,
Hypothetical!protein! SHDDs5C! 1091682! T/A! N/K! 311! 21.2!
SAOUHSC_
01918,
Hypothetical!protein! SHDDs5C! 1826794! C/T! S/F! 43! 20.2!
SAOUHSC_
01584,

























































































































































































Sapienic!acid!evolved!S.,epidermidis!Serp0499! NifU!homologue! D! +0.55!Serp2127! Hypothetical!Fe2+!transporter! X! +1.64!Serp0057! Hypothetical!protein! D! D1.44!MqoD3! Malate:quinone!oxidoreductase! D0.95! D!
DMsphingosine!evolved!S.,epidermidis!mnhA! Monovalent!cation!transporter! +2.22! +2.19!Serp2264! sasF!homologue! +4.00! +1.10!Serp0247! TetRDlike!transcriptional!regulator! D1.75! D!Serp1407! Hypothetical!protein! +1.71! +1.10!Serp2327! Acetoin!dehydrogenase! D0.72! D!Serp0458! Ion!transporter! +1.25! D1.17!Serp1758! Lytic!regulatory!protein! D! D0.91!Serp2438! Cation!transporter! +3.36! +2.76!











DMsphingosine!evolved!S.,aureus! ! !SAOUHSC_00196! Hypothetical!protein! D! +0.71!SAOUHSC_00323! Hypothetical!protein! +1.98! D!SAOUHSC_00936! Hypothetical!protein! D! +0.97!SAOUHSC_01716! Protease! D1.17! D!SAOUHSC_01407! 5DbromoD4Dchlorindolyl!phosphate!hydrolase! +1.21! +1.38!SAOUHSC_00217! Sorbitol!dehydrogenase! +1.72! +1.25!SAOUHSC_01141! Hypothetical!protein! +1.15! D!SAOUHSC_01584! Hypothetical!protein! +3.71! D!
!The!genes!that!contain!DDsphingosine!evolved!SNPs!and!are!differentially!expressed!after!sapienic!acid!challenge!could!indicate!genes!that!are!important!in!resistance!to!both!sphingosines!and!AFAs.!These!genes!included!factors!already!shown!to!be!important!in!linoleic!acid!resistance!such!as!SasF.!Most!noteworthy!of!these!genes!are!ebh!and!saouhsc_00325,!as!homozygous!SNPs!in!these!genes!occur!only!in!isolates!with!increased!resistance!to!DDsphingosine!and!linoleic!acid!and!these!genes!are!upregulated!after!sapienic!acid!challenge.!These!proteins!would!be!interesting!targets!for!future!study.!One!of!the!aims!of!this!study!was!to!find!indicators!of!the!mechanisms!of!action!(MOA)!for!sapienic!acid!and!DDsphingosine.!In!Chapter!three!it!was!observed!that!there!was!no!correlation!between!AFA!and!DDsphingosine!MICs,!suggesting!that!the!mechanism!of!action!and/or!resistance!determinants!for!these!compounds!are!different.!An!emerging!theme!between!the!SNP!and!RNADSeq!data!that!could!be!indicative!of!a!MOA!for!sapienic!acid!was!observed!in!factors!associated!with!cell!wall!stress!and!cell!wall!stress!resistance.!There!was!upregulation!of!members!of!the!cell!wall!stress!stimulon!such!as!VraSR,!Fmt!and!MurZ,!and!the!aforementioned!
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development!of!SNPs!in!YycG.!This!is!suggestive!that!sapienic!acid!could!interfere!with!cell!wall!biosynthesis,!however!no!studies!on!the!mechanism!of!action!of!antimicrobial!lipids!have!found!any!evidence!of!cell!wall!interference.!Indeed,!studies!generally!agree!that!antimicrobial!lipids!target!the!membrane!where!they!cause!depolarisation!and!loss!of!cell!solutes!(Greenway!and!Dyke,!1979;!Cartron!et,al.,!2014;!Parsons!et,al.,!2012).!Whilst!members!of!the!cell!wall!stress!stimulon!were!upregulated,!key!members!of!this!stimulon,!such!as!tagA!and!lytSR,!were!not!upregulated.!Further!doubt!is!cast!upon!this!MOA!by!the!development!of!yycG!SNPs!in!DDsphingosine!evolved!S.,epidermidis,as!well!as!sapienic!acid!evolved!S.,epidermidis.!This!could!indicate!this!gene!is!a!means!to!rapidly!evolve!resistance!to!many!antimicrobials!or!stresses,!therefore!increasing!the!likelihood!of!a!mutation!in!this!gene.!This!apparent!correlation!may!therefore!be!more!indicative!of!a!resistance!mechanism!to!antimicrobial!lipids!rather!than!MOA.!!There!are!indications!in!the!RNADSeq!data!(Chapter!four)!that!sapienic!acid!induces!an!acid!stress!response!with!upregulation!of!NADH!dehydrogenases,!Na+/H+!antiporters!and!ammonia!biosynthesis!genes.!Though!sapienic!acid!has!been!linked!to!decreasing!pH,!the!amount!used!in!the!RNADseq!experiment!does!not!alter!the!pH!of!the!medium.!Acidic!conditions!decrease!the!reducing!power!available!to!the!cell!(Bore!et,al.,!2007),!if!sapienic!acid!causes!membrane!depolarisation!this!could!similarly!decrease!the!reducing!power.!Alternatively,!membrane!permeability!could!directly!alter!the!intracellular!pH!to!that!of!the!media!as!has!been!indicated!previously!(Cartron!et,al.,!2014).!This!supports!the!theory!that!the!MOA!of!sapienic!acid!could!be!through!membrane!depolarisation.!In!DDsphingosine!evolved!S.,epidermidis,there!were!several!SNPs!in!genes!encoding!cation!transporters,!suggesting!cation!transport!may!be!important!in!DDsphingosine!resistance.!This!may!indicate!DDsphingosine!also!interferes!with!the!reducing!power!of!the!cell.!Alternatively,!this!may!help!to!neutralise!pH!changes!caused!by!DDsphingosine,!which!is!basic.!Membrane!permeabilisation!has!been!stated!as!a!mechanism!of!action!for!DDsphingosine!and!sapienic!acid.!The!upregulation!of!osmoprotectant!transporters!
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and!amino!acid!biosynthesis!after!sapienic!acid!challenge!could!support!this!theory,!as!osmotic!stress!and!loss!of!amino!acids!could!be!challenges!faced!by!the!cell!following!membrane!permealisation.!Similarly,!SNPs!developed!in!ebh,!encoding!an!osmotic!stress!resistance!determinant,!and!saouhsc_01450,!encoding!an!amino!acid!uptake!protein!during!DDsphingosine!evolution!in!S.,
aureus!(Chapter!five).!!Taken!together,!cellular!response!data!and!experimental!evolution!data!appears!to!suggest!that!sapienic!acid!and!DDsphingosine!have!very!similar!modes!of!action.!This!would!suggest!that!the!lack!of!correlation!between!MIC!is!the!result!of!differences!in!resistance!mechanisms!to!sapienic!acid!and!DDsphingosine.!This!indicates!that!sapienic!acid!and!DDsphingosine!resistance!is!mediated!by!different!cellular!components.!DDsphingosine!MICs!did!not!show!as!much!variation!as!sapienic!acid!MICs,!and!DDsphingosine!was!much!more!potent.!Resistance!mechanisms!to!DDsphingosine!may!therefore!be!less!specific!than!those!to!sapienic!acid,!suggesting!that!sapienic!acid!plays!a!greater!role!in!control!of!staphylococci!on!skin!than!DDsphingosine.!The!final!aim!of!this!study!was!to!identify!genes!and!pathways!that!could!act!as!resistance!determinants!in!S.,epidermidis,and!S.,aureus,to!sapienic!acid!and!DDsphingosine.!An!overview!of!the!speculative!resistance!determinants!and!hypothesised!mechanisms!are!shown!in!Figure!6.1.!Further!investigations!are!required!to!confirm!the!involvement!of!the!factors!that!are!novelly!associated!with!antimicrobial!lipid!resistance!in!this!study.!!!
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!
Figure!6.1!!Proposed!cutaneous!antimicrobial!lipid!resistance!determinants!of!S.,aureus,
and!S.,epidermidis.!!AFA:!antimicrobial!fatty!acid,!UDPDGlcNAc:!undecaprenylphosphate!NDacetyl!glucosamine.!!Over!the!course!of!this!investigation,!two!factors!that!could!limit!the!validity!of!results!became!evident.!The!first!was!the!use!of!ethanol!to!dilute!the!antimicrobial!lipids!as!ethanol!may!have!had!unexpected!effects!on!staphylococcal!responses,!despite!the!low!concentrations!used.!One!report!found!that!very!low!ethanol!concentrations!(VLEC),!as!low!as!0.075!%!affected!postDstationary!phase!growth,!metabolism!and!morphology!(Chatterjee!et,al.,!2006).!S.,aureus!appeared!to!have!weakened!cell!wall!structures!that!led!to!lysis!after!48!h!when!grown!in!0.1!%!ethanol!in!microaerobic!conditions,!though!not!in!aerobic!conditions!(Chatterjee!et,al.,!2006).!Cultures!grown!with!≥!0.075!%!
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ethanol!showed!delayed!catabolism!of!acetate!and!delayed!accumulation!of!ammonia;!delayed!ammonia!production!was!linked!to!inhibition!of!amino!acid!uptake!(Chatterjee!et,al.,!2006).!As!ammonia!production!has!in!this!study!been!speculated!to!act!as!a!resistance!determinant!against!fatty!acids,!the!impact!of!ethanol!could!be!considerable.!Interestingly,!supplementation!with!arginine!reversed!the!effects!of!ethanol!on!the!cells!and!the!arginine!deiminase!pathway!was!upregulated!under!VLEC!with!arginine!conditions!(Chatterjee!et,al.,!2006).!A!number!of!the!transcriptional!changes!observed!in!S.,aureus,exposed!to!2.4!%!ethanol!for!24!h!were!also!observed!upon!sapienic!acid!challenge.!These!similarities!included!upregulation!of!capsule!biosynthesis,!urease,!vraS,!purine!and!pyrimidine!biosynthesis,!H+!antiporters!and!oxidative!stress!response!genes!(Korem!et,al.,!2010).!In!the!sapienic!acid!challenge!RNADseq!experiments,!the!concentrations!of!ethanol!were!<!0.002!%,!and!control!cultures!were!treated!with!the!same!concentration!of!ethanol!as!the!treated!cultures.!Since!the!concentrations!used!were!well!below!0.075!%!it!is!unlikely!that!this!would!impact!transcription,!also!because!the!control!was!treated!with!the!same!concentration,!any!changes!should!have!been!present!in!both!cultures!so!would!not!have!registered!as!a!change!in!transcription.!The!genes!with!similar!transcriptional!regulation!in!sapienic!acid!challenge!as!ethanol!treatment!are!linked!to!the!ability!of!ethanol!to!reduce!the!intracellular!pH!(Korem!et,al.,!2010).!This!may!explain!why!there!are!some!similarities!in!gene!expression!as!sapienic!acid!may!also!decrease!intracellular!pH,!or!decrease!the!reducing!potential!as!discussed!above.!!!Cells!were!grown!with!5!%!ethanol!during!the!experimental!evolution!experiment,!which!is!above!the!level!of!ethanol!that!is!known!to!affect!S.,aureus.!Cells!were!grown!for!24!h,!which!would!take!cells!into!postDstationary!phase!growth.!These!experiments!are!therefore!likely!to!be!impacted!by!ethanol!effects.!Interestingly,!the!study!by!Chatterjee!et,al.!(2006)!did!not!show!any!increase!in!ethanol!MIC!following!passage!in!VLEC.!In!our!study,!SNPs!were!detected!in!strains!passaged!in!ethanol,!and!there!was!some!evidence!that!strain!RpD0,!which!was!grown!for!24!h!in!5!%!ethanol,!did!develop!increased!resistance!to!ethanol,!though!this!was!never!directly!tested.!
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Beyond!direct!responses!of!staphylococci,!ethanol!may!also!have!a!synergistic!effect!on!the!antimicrobial!activity!of!sapienic!acid!(Drake!et,al.,!2008).!One!mechanism!for!synergy!would!be!for!ethanol!to!increase!the!solubility!of!sapienic!acid!in!broth,!thereby!increasing!its!capability!to!interact!with!the!cells.!However,!Drake!et,al.!(2008)!state!that!pretreatment!of!cells!with!ethanol!prior!to!fatty!acid!treatment!led!to!the!same!increased!inhibition,!though!no!supporting!data!was!presented.!Ethanol!has!been!found!to!act!synergistically!with!a!number!of!antimicrobials!including!daptomycin!and!minocycline!(Estes!
et,al.,!2013).!The!former!requires!solvents!to!dissolve!but!the!latter!dissolves!in!water,!supporting!the!idea!that!the!synergistic!effect!can!be!achieved!without!increased!solubility.!This!suggests!that!ethanol!affects!a!target!on!the!cell,!such!as!the!membrane,!that!is!then!further!attacked!upon!sapienic!acid!treatment.!Ethanol!synergism!would!mean!the!true!MICs!for!sapienic!acid,!linoleic!acid!and!possibly!DDsphingosine!are!higher!than!observed!in!Chapter!three.!Irrespective,!the!trends!observed!are!likely!to!hold!true.!This!synergism!may!have!implications!for!SNPs!and!INDELs!described!in!Chapter!five,!further!tests!without!the!use!of!ethanol!as!described!by!Fischer!et,al.!(2012)!may!aid!clarification!of!this!topic.!The!second!concern!that!may!affect!the!impact!of!results!is!one!that!plagues!many!studies;!how!results!gained!in,vitro!may!differ!in,vivo.!!It!is!reported!that!human!serum!and!proteins!such!as!albumin!increase!the!MIC!of!AFAs!(Lacey!and!Lord,!1981;!Parsons!et,al.,!2012).!A!compound!present!on!the!skin!that!has!been!observed!to!decrease!the!activity!of!sphingosine!is!cholesterol!sulphate!(Payne!et,al.,!1995).!The!water!concentration!of!skin!is!also!considerably!lower!than!those!used!in!the!assays!described!here,!given!that!antimicrobial!lipids!are!amphipathic!molecules!this!could!have!large!ramifications!for!results.!Use!of!defined!medium!may!address!and!assess!some!of!the!concerns!described!above.!Such!mediums!create!large!differences!in!gene!expression!compared!to!rich!media!(Krismer!et,al.,!2014).!They!could!be!used!here!to!study!the!impact!of!genes!indicated!to!have!roles!in!antimicrobial!lipid!resistance!in!a!more!in,vivo,like!environment.!Alternatively,!the!use!of!a!3DD!organotropic!human!skin!
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model!as!described!previously!(Popov!et,al.,!2014)!may!provide!more!insight!into!the!role!of!these!genes!on!skin.!
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